Abstract
Introduction

83
Neutrino oscillations were anticipated nearly 50 years ago [1] but they have been unambiguously observed only As far as the atmospheric neutrino sector is concerned, accelerator experiments can probe the same oscillation 88 parameter region as atmospheric neutrino experiments [3] . This is the case of the OPERA experiment that has the 89 main scientific task of the first direct detection of ν µ → ν τ appearance, an important missing tile in the oscillation 90 scenario [4, 5, 6].
91
OPERA uses the long-baseline (L=730 km) CNGS neutrino beam [7] from CERN to LNGS, the largest un-92 derground physics laboratory in the world. The challenge of the experiment is to measure the appearance of ν τ 93 from ν µ oscillations in an almost pure muon-neutrino beam. Therefore, the detection of the short-lived τ lepton
94
(cτ = 87.11 µm) produced in the charged-current (CC) interaction of a ν τ is mandatory. This sets two conflicting 95 requirements: a large target mass to collect enough statistics and an extremely high spatial accuracy to observe 96 the short-lived τ lepton.
97
The τ is identified by the detection of its characteristic decay topologies either in one prong (electron, muon 98 or hadron) or in three-prongs; its short track is measured with a large mass target made of 1 mm thick lead plates
99
(target mass and absorber material) interspaced with thin nuclear emulsion films (high-accuracy tracking devices).
100
This detector is historically called Emulsion Cloud Chamber (ECC). Among past applications it was successfully 101 used in the DONUT experiment for the first direct observation of the ν τ [8] .
102
OPERA is a hybrid detector made of two identical Super Modules (SM) each consisting of a target section of panel of Figure 5 ; the beam direction angle is found to be tilted by 58 mrad, as expected from geodesy.
162
An extensive study of the beam monitoring is being performed by using neutrino interactions both in the whole
163
OPERA detector and in the surrounding rock material. This will be the subject of a forthcoming publication. 2. this brick is removed from the target wall by the BMS and exposed to X-rays for film-to-film alignment.
174
There are two independent X-ray exposures: the first one ensures a common reference system to the CS film and Japan.
185
The procedure described above has proven to be successful. As an example, in Figure 6 we show the number of respectively. This evaluation has been performed on a sample of 500 located events. distribution is peaked at zero and has a mean value of 2.5 µm. The multiplicity distribution shows the anticipated 221 enhancements for even track numbers due to the preferred interaction of neutrinos with neutrons.
222
As an example, in Figures 9 and 10 we show a NC and a CC event, respectively, fully reconstructed in the 223 brick. A very "peculiar" event is shown in Figure 11 : the neutrino interaction occurred in the bottom layer of an 224 emulsion film. Therefore, the associated nuclear fragments (large angle heavy ionizing tracks) are also visible in 225 the film containing the vertex.
226
Decay topologies
227
Charm production and decay topology events have a great importance in OPERA for two main reasons. On The event in Figure 13 has high track multiplicity at the primary vertex and one of the scan-back tracks shows 237 a kink topology. The measured decay angle is 204 mrad and the flight length of the decaying particle is 3247 µm. • ) as one would expect for charm production.
241
The daughter momentum, measured by using the Multiple Coulomb Scattering technique is 3.9 
282
The above considerations make us confident that the OPERA experiment is definitely in its production phase 283 with the CNGS beam and that the scene has been set for the discovery of the τ appearance. 
